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Durin& the  pas t  years  t he  XASA PIa'ierials Grant NsC-6-59 covering 
rcsc2r-h ~3 t he  physics =f S=?id :.!aterials has pr-~~ridec! t h e  nyinrinztl r. 2. r -  ----- 
s t imulus  f o r  m a t e r i a l s  research a t  t h e  Rice Universi ty .  A s  a conse- 
quence of t h i s  g r a n t ,  t h e  number of  Rice s t a f f  members concerned with 
i n s t r u c t i o n  and research  i n  the sc iences  and engineer ing of s o l i d  m a t e r i a l s  
has  increased  con t inua l ly .  A t  t h e  present  t i m e ,  t h e  number of p r o j e c t s  
c a r r i e d  out under t h e  sponsorship of t h i s  g r a n t  i s  35. These p r o j e c t s  
are  under t h e  d i r e c t i o n  of 1 8  f acu l ty  members. A t o t a l  o f  35 graduate  
s tuden t s  are engaged i n  research f u l l y  o r  p a r t l y  supported by t h i s  
gran t .  There a r e  p re sen t ly  a l so  4 pos t -doc tora l  fe l lows  who d e r i v e  
t h e i r  support  from t h i s  g ran t .  
l i s t e d  h e r e  repr.esents only a po r t ion  of t h e  t o t a l  personnel a t  Rice 
engaged i n  materials research .  No doubt, many p r o j e c t s  t h a t  are not  
sponsored by t h i s  g ran t  were s t imulated by i t s  presence. 
It should be noted t h a t  t he  personnel 
The i n t e r d i s c i p l i n a r y  na ture  of t h i s  g r a n t ,  which has  been pointed 
ou t  i n  seve ra l  ea r l ie r  r e p o r t s ,  has a l s o  produced b e n e f i t s  t o  t h e  Rice 
Univers i ty  as a whole. The grant  has served as a model f o r  o t h e r  
programs of m u l t i d i s c i p l i n a r y  na tu re  a t  R i c e .  For example, i t  would 
hard ly  have been p o s s i b l e  t o  e s t a b l i s h  t h e  present  in te rdepar tmenta l  
program i n  app l i ed  mathematics and systems theory without t h e  model of  
t h e  i n t e r d i s c i p l i n a r y  ma te r i a l s  program sponsored by t h i s  g ran t .  The 
Univers i ty  i s  p re sen t ly  ac t ive ly  looking f o r  s e v e r a l  new, young f a c u l t y  
members i n  t h e  a r e a  of mater ia l s  science.  I n  t h i s  search  emphasis i s  
placed on t h e  a b i l i t y  of  these new f a c u l t y  members t o  work c l o s e l y  
wi th  col leagues i n  d i f f e r e n t  departments. 
A s  i n  t he  p a s t ,  an e f f o r t  i s  made t o  c l a s s i f y ,  f o r  t h e  purpose of 
2. 
t h i s  r e p o r t ,  t he  p r o j e c t s  sponsored by t h i s  g ran t  according t o  t h r e e  
ca t egor i e s .  
Physics.” 
niaterials rcscarch .  The s e ~ ~ i i d  ca tegory ,  denoted 3y I’ P l l y a l L d l  I----‘-- 
Metallurgy c e n t e r s  about work on m e t a l l i c  ma te r i a l s .  The t h i r d  
ca tegory ,  “Chemistry of S o l i d s 3  i s  concerned p r imar i ly  with chemical 
r e a c t i o n s  and thermodynamics involving s o l i d  substances.  It should be 
The f i r s t  of t h e  t h r e e  ca t egor i e s  dea l s  with “Sol id-Sta te  
Le----. ---c.- 





noted t h a t  t h e  t h r e e  ca t egor i e s  do not r e f l e c t  departmental  o r  o the r  
o rgan iza t iona l  d i v i s i o n s .  
.. 
3.  
I. S o l i d - s t a t e  Physics 
Object ives:  
To understand t h e  i n t e r a c t i o n s  between the  magnetic moment of an ion  
i n  a n  i n s u l a t i n g  l a t t i c e  and the  v i b r a t i o n a l  modes of t h e  l a t t i c e .  
Report : 
Most of t h e  work has  been t h e o r e t i c a l ,  s i n c e  t h e  most important  
problem uncovered by t h e  previous work of t h i s  group i s  the  enormous 
discrepancy between t h e o r e t i c a l  and experimental  va lues  f o r  t h e  
r e l a x a t i o n  t imes of c e r t a i n  r a r e - e a r t h  ions i n  CaF . A new phys ica l  
model involving i o n i c  tunnel ing has  been proposed go e x p l a i n  t h i s  
discrepancy. 
Experiments designed t o  t e s t  t h e  tunnel ing  model mentioned above a r e  
underway. By looking a t  ESR s i g n a l s  when a dc e l e c t r i c  f i e l d  i s  
app l i ed  t o  t h e  sample  i t  w i l l  be poss ib l e  t o  determine whether 
tunnel ing  of i n t e r s t i t i a l  ions i s  tak ing  place.  
B. Microwave s t u d i e s  of  Single-Crys t a l  and Thin-Film Ferromagnetic 
Rare-Earth Metals. 
D r .  P. L. Donoho, Department of  Physics 
Objec t ives :  
To understand t h e  b a s i c  s p i n - l a t t i c e  i n t e r a c t i o n  i n  r a r e - e a r t h  me ta l s ,  
and t o  s tudy t h e  p o s s i b i l i t y  of usixg the  very l a r g e  magnetos t r ic t ion  
observed i n  these  metals  t o  develop a very e f f i c i e n t  microwave 
u l t r a s o n i c  genera tor  and de tec to r .  
Report: 
Prel iminary measurements on t h e  genera t ion  of microwave u l t r a s o n i c  
waves through magnetos t r ic t ion  have been completed, and they are 
summarized i n  t h e  paper l i s t e d  a t  t h e  end of t h i s  r e p o r t .  I n i t i a l  
measurements of microwave power abso rp t ion  i n  s i n g l e  c r y s t a l s  of 
dysprosium have l ed  t o  t h e  observa t ion  of magnetic-field-dependent 
absorp t ion ,  of a type n o t  previously repor ted ,  which i s  probably due 
t o  magne tos t r i c t ive  lo s ses .  
More thorough inves t iga t ions  of microwave u l t r a s o n i c  genera t ion  w i l l  
be  c a r r i e d  ou t .  Be t t e r  cont ro l  of  f i l m  p repa ra t ion  i s  now poss ib l e ,  
so  t h a t  r e s u l t s  should be reproducible .  The e f f e c t  w i l l  a l s o  be s tud ied  
with t h i n  s i n g l e - c r y s t a l  p l a t e l e t s .  An at tempt  w i l l  be nade t o  cor re-  
l a t e  r e s u l t s  with t h e  present theory of magnetic p r o p e r t i e s  of  t he  
r a r e  e a r t h s .  
4 .  
C. E f fec t  o f  Phonons on Josephson Tunneling Currents i n  Superconductors 
D r .  P. L. Donoho, Department of Physics 
0 b j ec t i v e  s : 
To determine t h e  r o l e  played by phonons, i f  any, i n  t h e  var ious  
e f f e c t s  z s soc la t ed  with superconducting tunnel ing  junc t ions .  
Report : 
Experimental d i f f i c u l t i e s  have proved insurmountable thus  f a r ,  and t h e  
abandonment of ihe pro j e c i  i s  being coniempiaied. C e r t a h i y  t h e  goals 
must be changed. Josephson junc t ions  have been produced i n  t h i s  
group, bu t  no success  has  been achieved i n  producing such junc t ions  
on an  u l t r a s o n i c  t ransducer .  
The same experiment i s  beicg t r i e d  a t  audio frequency r a t h e r  than 
microwave frequency because the  t ransducer  problem i s  much simpler.  
I). P o l a r i z a t i o n  Study of  Stimulated Emission of Lasers  
D r .  T. A .  Rabson, Department of E l e c t r i c a l  Engineering 
Objec t ives :  
To i n v e s t i g a t e  t h e  f a c t o r s  which determine t h e  p o l a r i z a t i o n  of t h e  
l i g h t  coming from l a s e r s  and t h e  r e l a t i o n s  between modes of o s c i l l a -  
t i o n  and t h e  output  wave form. 
Report : 
During t h e  study of magnetic e f f e c t s  i n  a Nd3+ doped CaN04 l a s e r ,  
magnetic pole  p ieces  with a maximum f i e i d  i n t e n s i t y  of about 30 KG 
have been mounted; matched l a s e r  pumping conf igu ra t ions  have been 
cons t ruc ted  and a r e  being used. 
Future  p lans  inc lude  research 97- t h e  use  of a microwave r e c e i v e r  t o  
s tudy t h e  Zeeman e f f e c t  f o r  Nd 
holography and wave f r o n t  r econs t ruc t ion ,  a s  w e l l  as l i g h t  modulation 
and d e t e c t i o n  techniques.  
doped CaW04 l a s e r s ,  t h e  s tudy of 
E. The T ime  Development of the  PIeissner E f fec t  and t h e  Fac tors  In f luenc ing  
Trapped Flux 
W. V. Houston, Department of  Physics 
Objec t ives  : 
To s tudy t h e  time dependence of magnetic f i e l d  pene t r a t ion .  
Report : 
The osci l lograms obtained t o  r ep resen t  t h e  f l u x  pene t r a t ion  i n t o  an 
. 5. 
e l l i p t i c a l  superconductor have de f i ed  an a n a l y s i s  p r e c i s e  enough t o  
y i e l d  s i g n i f i c a n t  infDrmation about t h e  onse t  of t h e  l.!eissner e f f e c t .  
A t t en t ion  has  been t x n e d  t o  a h igh  p rec i s ion  and d e t a i l e d  s tudy  of 
trapped f l u x ,  which has i d e n t i f i e d  t h r e e  d i s t i n g u i s h a b l e  sources  of 
trapping. There a r e  microscopic s u r f a c e  i r r e g u l a r i t i e s  which g ive  a 
d i s t i n c t i v e  p a t t e r n  o f  f l u x  t rapping .  There a r e  i n t e r n a l  t rapping  
c e n t e r s  d i s t r i b u t e d  through t h e  volume of t he  m a t e r i a l ,  and t h e r e  i s  
t h e  e f f e c t  of “supercooling,” presumably a s soc ia t ed  wi th  t h e  energy 
necessary f o r  s e t t i n g  up a c e n t e r  from which superconduct iv i ty  can  
be propagated. 
It i s  proposed t o  t r y  small a l t e r n a t i n g  f i e l d s  superimposed on a 
cons t an t  magnetic f i e l d  around t h e  c r i t i c a l  va lue  t o  i n v e s t i g a t e  
t h e  p o s s i b i l i t y  o f  i s o l a t i n g  the  phenomena a s soc ia t ed  with t h e  mag- 
n e t i c  t r a n s i t i o n  from t h e  superconducting t o  t h e  normal s t a t e .  
F. The Forces Involved i n  ?.loving Superccnductors i n  a Magnetic F i e l d  
D r .  hT. V. Houston, Department of Physics 
Objec t ives :  
To study t h e  t i m e  dependence o f t h e  f o r c e s  on a moving superconductor.  
Report : 
Two types  of experiments on t h e  fo rces  involved i n  moving a supe r -  
conductor i n  a magnetic f i e l d  have ind ica t ed  t h a t  t h e r e  are both 
conserva t ive  and d i s s i p a t i v e  f o r c e s ,  even i n  a t h i n  f i l m  when no 
s i g n i f i c a n t  eddy cu r ren t  d i s s i p a t i o n  i s  observable.  The r e s u l t s  
a l s o  suggest an almost continuous t r a n s i t i o n  between a macroscopic 
in t e rmed ia t e  s t a t e  f o r  a th i ck  s t r i p  of t h e  superconductor t o  a n  
almost uniform d i s t r i b u t i o n  of f l u x  i n  a very t h i n  fi lm. 
p a t i v e  f o r c e  i s  poss ib ly  assoc ia ted  wi th  t h e  e l e c t r i c a l  r e s i s t a n c e  
observed i n  o t h e r  types of experiments. 
The d i s s i -  
Experiments a r e  be ing  continued with improved equipment i n  t h e  hope of 
making t h e  r e s u l t s  more q u a n t i t a t i v e .  
G. The Electromotive Force Associated with t h e  Pene t r a t ion  of t h e  Current and 
Magnetic F i e l d s  I n t o  Superconducting Wires Carrying A l t e r n a t i n g  Curren ts  
D r  . W. V. Houston, Department of Physics 
Objec t ives :  
To study t h e  time dependence of t h e  A.C. l o s s e s  i n  a superconductor.  
Report : 
A l o n g i t u d i n a l  magnetic f i e l d  app l i ed  t o  a superconducting wire ca r ry -  
i ng  a c u r r e n t  appears t o  inc rease  t h e  c r i t i c a l  c u r r e n t  q u i t e  
6. 
s i g n i f i c a n t l y .  
ope ra t ion ,  and i t  i s  proposed t o  i n v e s t i g a t e  t h e  frequency dependence 
of t he  power l o s s  assoc ia ted  with c u r r e n t s  of t h e  superconducting 
wires .  
A 400-cycle genera tor  i s  now i n s t a l l e d  and ready f o r  
H. C rys t a l  Optics  of >fhssbauer Gama-rays 
D r .  G .  T. T r a m d l ,  Department =f Physics 
Objec t ives :  
To develop quantum theory of propagat ion and d i f f r a c t i o n  of photons 
i n  a c r y s t a l  of resonant  s c a t t e r e r s  and absorbers .  
Report : 
The theory has  been elaborated over t h a t  repor ted  upon l a s t  time t o  
t ake  proper account of  p o l a r i z a t i o n  e f f e c t s ,  Zeeman s p l i t t i n g s  of t h e  
nuc lear  l e v e l s ,  and the  in t e r f e rence  of e l e c t r o n  and nuc lear  
s c a t t e r i n g .  Using t h e  Feynman techciques of Q.E.D. w e  develop t h e  
theory of t h e  i n t e r a c t i o n  of  ?.fdsshauer gama-rays  with 
t a i n i n g  resonant  nuclei .  
has  been developed i n  d e t a i l ,  account being taken of t h e  i n t e r f e r -  
ence of the e l e c t r o n i c  and nuc lear  s c a t t e r i n g s ,  t h e  Zeeman s p l i t t i n g s  
of  t h e  nuc lea r  l e v e l s ,  and t h e  e f f e c t  of v i r t u a l  photon-phonon ex- 
changes between t h e  s c a t t e r e r s .  Some novel magneto-optical  p r o p e r t i e s  
are  obtained f o r  ferromagnetic and an t i fe r romagnet ic  c r y s t a l s .  The 
theory i s  app l i ed  t o  the  ana lys i s  of t h e  a v a i l a b l e  experimental  da ta .  
s t a l s  con- 
gama-ray  STY The o p t i c s  of the  14.4 keV Fe 
Future  plans inc lude  an inves t iga t ion  i n t o  t h e  f e a s i b i l i t y  of t h e  use  
of Ff6ssbauer gamma-rays for  making holograms which w i l l  then  be i l lum- 
ina t ed  with laser  r a d i a t i o n  t o  form a magnified image.  
The use  of lfdssbauer gamma-rays i n  x-ray s t r u c t u r e  de te rmina t ions  
wherein t h e  c o n t r o l l a b l e  amplitude and phase of t h e  resonant ly  
s c a t t e r e d  gamma-ray should determine t h e  phase of t h e  s t r u c t u r e  f a c t o r  
is  t o  be inves t iga t ed .  
I. Theory of Magnetism of t h e  Rare Ear ths  
D r .  G. T. Trammell, Department of Physics 
Objec t ives  : 
To i n v e s t i g a t e  the fundamental i n d i r e c t  exchange mechanism i n  t h e  
rare  e a r t h s  meta ls ,  and t o  develop a theory of t he  r a r e  e a r t h  com- 
pounds. 
Report: 
With a f r e e  e l e c t r o n  model f o r  t h e  conduction band t h e  i s o t r o p i c  and 
f i r s t  o rde r  non- i so t ropic  terms of t h e  i n d i r e c t  exchange i n t e r a c t i o n  
i n  the  r a r e  e a r t h  metalshave been c a l c u l a t e d  exac t ly  ( i n  second order  
7. 
per turba t ion) .  The r e s u l t s  are  compared with previous t reatments  of 
t h e  problem, a l l  of which u t i l i z e  some type o f  approximation, and 
s p e c i f i c a l l y  with t h e  c a l c u l a t i o n  of Kaplan and Lyons who assume t h a t  
t h e  exchange i n t e g r a l  S(k ,k ' )  depends only on k-k'. It i s  found t h a t  
t h e  exac t  c a l c u l a t i o n  leads t o  r e s u l t s  i n  disagreement with t h e  approx- 
imate t reatments:  The non-isotropic  term i s  about 4 t imes l a r g e r  
tiiaii t h a t  of (a), and the  r a d i a i  dependence oi the in teKaci ion  i s  
s i g n i f i c a n t l y  d i f f e r e n t .  
ferromagnet ic  order ing  p a t t e r n  f o r  Gadolinium a t  0 K, whi le  t h e  
approximate t h e o r i e s  pred ic t  a screw s t r u c t u r e .  However, t h e  pre- 
d i c t e d  order ing  p a t t e r n  for Gd i s  extremely s e n s i t i v e  t o  changes i n  
3 r u c t u r e  with a t u r n  angle  o f  20" . )  
N N  N N  
The r e s u l t i n g  Hamiltonian p r e d i c t s  a 
0 
( t h e  Fermi wave vec to r ) .  (A 5$ i nc rease  i n  5 s t a b i l i z e s  a screw 
An es t ima te  i s  given of the r e l a t i v e  c o n t r i b u t i o n  of t h e  a n i s o t r o p i c  
t e r m  ( r e l a t i v e  t o  t h e  i s o t r o p i c )  f o r  t h e  ferromagnetic order ing  
p a t t e r n .  For t h e  two-ion asymptotic i n t e r a c t i o n  t h i s  e f f e c t  i s  found 
t o  be q u i t e  l a r g e ,  ranging from 4 0 5 . t o  2505 among the  heavy rare 
e a r t h s  and over t h e  va lues  of considered. Af t e r  being summed over 
t h e  l a t t i c e ,  t he  con t r ibu t ion  i s  c u t  down by roughly a n  order  of  
magnitude, but  t he  exac t  amount by which i t  is  reduced i s  extremely 
s e n s i t i v e  t o  t h e  va lue  of  . 
5 
5? 
J. Magnetic P rope r t i e s  of Insu la t ing  Crys t a l s  
D r .  H. E. Rorshach, Jr., Department o f  Physics 
Object ives:  
This  research  is  an experimental  i n v e s t i g a t i o n  of t h e  inf luence  of 
paramagnetic impur i t i e s  on t h e  nuc lear  r e l a x a t i o n  time of an  i n s u l a t -  
ing  c r y s t a l .  
Report : 
One paper on the  measurement of nuc lear  r e l a x a t i o n  t imes has  r e c e n t l y  
been published. Another i s  i n  prepara t ion .  It w i l l  con ta in  a r a t h e r  
complete account of t h e  inf luence  of r a re -ea r th  ions on t h e  nuc lear  
r e l a x a t i o n  i n  CaF Experiments p re sen t ly  i n  progress  are  d i r e c t e d  
toward a d i r e c t  A.C. measurement of t h e  s u s c e p t i b i l i t y  of t h e  para- 
magnetic impur i t i e s  (g-factor  measurements). 
2' 
K. Magnetic Breakdown i n  Metals 
D r .  H. E. Rorschach, Jr., Department of Physics  
Object ives:  
This work i s  a t h e o r e t i c a l  i n v e s t i g a t i o n  of t h e  phenomenon of magnetic 
breakdown f o r  t he  so luab le  model of a two-dimensional l a t t i c e .  
Report: 
A t h e o r e t i c a l  paper on magnetic breakdown has been prepared and. sub- 
mi t ted  t o  Physical  Review f o r  publ ica t ion .  
L. Radiant Energy Conversion 
Dr.  G. C. J a i n ,  Depzrtment of E l e c t r i c a l  EzgineerInn 6
Object ives:  
To s tudy t h e  e l e c t r o s t a t i c  p o t e n t i a l ,  f i e l d  and f i e l d  g rad ien t s  i n  
d i f f u s e d  P-N c e i i s ,  t he  e f f e c t  of dimensions on t h e  quantum e f f i c i e n c y  
of r a d i a n t  energy c e l l s ,  and t h e  opt imiza t ion  of t h e  g r i d  s t r u c t u r e  
of s o l a r  c e l l s .  
Report : 
Using t h e  p o t e n t i a l  f i e l d  and f i e i d  g rad ien t s  i n  d i f f u s e d  c e l l s ,  
ob ta ined  e a r l i e r ,  quantum e f f i c i ency  has  been computed. The r e s u l t s  
obtained a re  i n  agreement with t h e  experimental  d a t a  i n  t h e  l i t e r a -  
t u re .  It has  thus  been e s t ab l i shed  t h a t  t he  e f f e c t  of an  e l e c t r o -  
s t a t i c  f i e l d  g rad ien t  is much s t ronge r  than  r a d i a t i v e  and non- 
r a d i a t i v e  recombination. 
The e f f i c i e n c y  of a r ad ian t  energy c e l l  could be  enhanced by o p t i -  
mizing t h e  dimensions. A study h e r e  has  r e s u l t e d  i n  a genera l  
express ion  f o r  t h e  e f f i c i ency  of  t he  c e l l  f o r  any source  temperature 
i n  t e r m s  of dimensions o f  the c e l l .  
The g r i d  s t r u c t u r e  of s o l a r  c e l l s  has been optimized by s e t t i n g  up a 
d i s t r ibu t ive -c i r cu i t - e l emen t  model c o n s i s t i n g  of a cha in  of 
elements. It is  made up of ser ies  and shunt paths.  For a g iven  c e l l ,  
t h e  parameters used i n  t h e  model can be obtained by measuring p o t e n t i a l  
p r o f i l e s  a long t h e  length  of t h e  c e l l  under t h r e e  d i f f e r e n t  condi t ions .  
The model has  been success fu l ly  employed t o  compute optinurn gr idding  
of  c e l l s .  Future  plans c a l l  f o r  f a b r i c a t i o n  o f  c e l l s  and opt imiza t ion  
of t h e  dimensions and t h e  study of  t he  g r i d  s t r u c t u r e  i n  c i r c u l a r  
c e l l s .  
T 
M. Microwave P rope r t i e s  of F e r r o e l e c t r i c  Mate r i a l s  
D r .  L. E. Davis, Department of  E l e c t r i c a l  Engineering 
Objec t ives :  
To measure p e r m i t t i v i t y  and l o s s  a s  a func t ion  of temperature  i n  
s e l e c t e d  f e r r o e l e c t r i c  ma te r i a l s  a t  f requencies  of 2-4 Nh. 
Report : 
A f i n a l  sample holder  has  been designed and cons t ruc ted .  D i e l e c t r i c  
m a t e r i a l s  of known permi t t i v i ty  have been obtained f o r  t h e  purpose 
of  c a l i b r a t i o n  o f '  t h e  apparatus ,  but c a l i b r a t i o n  has not  been achieved 
owing 110 d i f f i c u i r i e s  i n  machining t h e  samples. Af t e r  s a t i s t a c t o r y  
c a l i b r a t i o n  of t h e  apparatus ,  measurements of p e r m i t t i v i t y  and loss 
tangent  of s e l e c t e d  f e r r o e l e c t r i c  m a t e r i a l s  w i l l  b e  made. 
N. P rope r t i e s  of  Ferromagnetic T h i n  Fi lms 
D r .  H. C. Bourne, Department of  E l e c t r i c a l  Engineering 
Object ives:  
m, 2-. . . - . .&2--&.-  lu A l l v r a L I g a L e  the properties vi i e r ~ o n t a g n o i i c  ~ h i n  f i i m s  with p a r t i c -  
u l a r  r e fe rence  t o  t h e  e f f e c t  of depos i t i on  parameters on loss  mecha- 
nisms, switching p rope r t i e s ,  domain behavior ,  and a n i s o t r o p i c  charac-  
t e r i s t i c s .  
Measurements of d i spe r s ion  and f l u x  r e v e r s a l  i n  the microsecond r eg ion  
i n d i c a t e  cons iderable  s e n s i t i v i t y  t o  d e p c s i t i o n  and anneal ing condi- 
t i o n s .  They were found t o  form a reasonable  b a s i s  f o r  eva lua t ion  of 
f i l m  performance. 
t h re sho lds  of  t h e  t r a n s i t i o n  reg ion  where the  f l u x  reversal changes 
from w a l l  motion t o  ro t a t ion .  The width o f  t h e  r eg ion  w a s  found t o  
c o r r e l a t e  w e l l  with d i spe r s ion  f o r  t h e  s i n g l e  f i l m  f o r  which t h e s e  
measurements have been performed. A d i g i t a l  computer program has  
been developed f o r  t h e o r e t i c a l  c a l c u l a t i o n s  of f i l m  switching 
equat ions and has  been used t o  c a l c u l a t e  f i l m  response with damping 
of t h e  Landau-Lifschitz type. 
The f a s t  pu l se  system has  been used t o  measure t h e  
Additions t o  t h e  Kerr-magneto-optic e f f e c t  appara tus  f o r  s t a t i c  domain 
p a t t e r n  observa t ion  have included e a r t h - f i e l d  cance l ing  c o i l s ,  f i l m  
switching c o i l s  and d r i v e  c i r c u i t s .  The semi-static donain-wall  
switching process  has  been observed both dur ing  a p p l i c a t i o n  of low- 
l e v e l  D.C. f i e l d s  and higher  l e v e l  pulsed f i e l d s .  
The torque  magnetometer has been e s s e n t i a l l y  completed. 
Anisotropy of n i cke l - i ron  f i l m s  of 82 percent  N i ,  18 percent  Fe, h a s  
been f u r t h e r  i nves t iga t ed .  A mathematical  model was developed t o  
e x p l a i n  t h e  v a r i a t i o n  o f  anisotropy when r i d g e s  a r e  formed a long  o r  
normal t o  the  easy ax i s .  The numerical  c a l c u l a t i o n  of  t h i s  model 
corresponded t o  t h e  experimental  r e s u l t s .  Therefore ,  a method has  
been obta ined  of using demagnetizing e f f e c t s  t o  a d j u s t  t h e  an iso t ropy  
of  t h i n  f i lm.  
The hys t e re s i s - loop  t r a c e r  has  been used t o  measure dynamic energy 
l o s s e s  from 500 C.P.S. t o  50,000 C.P.S. f o r  a l a r g e  group o f  f i lms .  
Within t h i s  group t h e r e  were wide v a r i a t i o n s  i n  f i l m  parameters such 
L I * 
. 
10. 
as composition and nanufactur ing condi t ions .  The frequency range 
w a s  s u f f i c i e n t  t o  c a u s e  magnet izat ion r e v e r s a l  by domain wa l l  motion 
and incoherent  r o t a t i o n .  Measurements were made over a temperature 
range from 25OC t o  B O ° C .  
t h a t  dynamic energy lo s ses  in  t h e  domain wa l l  motion mode a r e  due t o  
an i n t r i n s i c  r e l a x a t i o n  mechanism and not eddy-currents .  However, 
i n  t he  incoherent  r o t a t i o n  region i t  was f c m d  t h a t  dynamic losses 
vary  inve r se ly  wi th  r e s i s t i v i t y .  This suggests  t h a t  e i t h e r  eddy- 
c u r r e n t  l o s s e s  a r e  s i g n i f i c a n t  f o r  t h i s  mode of magnet izat ion r e v e r s a l  
or t h a t  a d i f f e r e n t  type of r e l a x a t i o n  mechanism ex i s t s  which depends 
on film p r o p e r t i e s  in t h e  same manner as  r e s i s t i v i t y .  
S u f f i c i e n t  da t a  were obtained t o  imply 
The f a s t  pu l se  equipment w i l l  be  redesigned t o  permit e a s i e r  measure- 
ments. Computer s o l u t i o n s  of swi tch ing  equat ions based on a d d i t i o n a l  
models w i l l  be obta ined .  
f o r  u s e  wi th  t h e  Kerr-magneto-optic appara tus .  
ometer w i l l  be completed i n  the  near  f u t u r e  and s t u d i e s  i n i t i a t e d  
w i t h  t h i s  instrument .  
A closed c i r c u i t  TV system w i l l  be developed 
The torque  magnet- 
. 
11. Phys ica l  M e t a l l u r q  
11. 
A .  The Inf luence  of Solute-Atom Additions and Temperature Upon the  
Damping and Yield Phenomena in  Magnesium S i n g l e  Crys t a l s  
D r .  J .  M. Roberts ,  Department of Mechanical and Aerospace Engineering 
and Mate r i a l s  Science 
Objec t ives  : 
To o b t a i n  d e t a i l e d  knowledge wi th  r e spec t  t o  t h e  e f f e c t s  of s o l u t e  
atoms upon damping loops i n  magnesium s i n g l e  c r y s t a i s ,  t o  c o r r e i a t e  
t h e  r e s u l t s  wi th  e x i s t i n g  theo r i e s  r e l a t e d  t o  these  damping loops ,  
and t o  i n v e s t i g a t e  the  e f f e c t  of a b i a s  stress upon u n i d i r e c t i o n a l  
damping loops.  
Report:  
The c r i t i ca l  experiment t o  t e s t  i f  the  memory e € f e c t  is  due t o  
s e l e c t i v e  d i s l o c a t i o n  pinning dur ing  t h e  c reep  b i a s  has been performed. 
Very long term creep stress b ia s  tes ts  on e i t h e r  t h e  loading o r  unload- 
i n g  po r t ions  of t h e  damping loop have shown t h a t  under these  condi-  
t i o n s  t h e  memory e f f e c t  is observed a t  a cons t an t  s t r a i n ,  both upon 
loading  and unloading. It is concluded t h a t  t h e  same d i s l o c a t i o n s  
do p l ay  a r o l e  du r ing  loadingand unloading i n  t h e  u n i d i r e c t i o n a l  
damping loop reg ion .  The memory e f f e c t  and ageing s t u d i e s  of t h e  
e l a s t i c  l i m i t  which have been c a r r i e d  out i n  t h i s  s tudy  can be 
r a t i o n a l i z e d  i n  the  l i g h t  of d i s l o c a t i o n  pinning.  A t  f i xed  geometr ica l  
p o s i t i o n s  on the  s l i p  p lane ,  t he  bowed d i s l o c a t i o n s  (due to  t h e  + and 
- l i n e  tens ion  force)  become pinned, bu t  t h e  breakaway s t r e s s  depends 
upon whether t he  d i s l o c a t i o n  segment experiences a + o r  - l i n e  t ens ion  
f o r c e .  
A pre l iminary  ana lys i s  of the e f f e c t  of t he  s o l u t e  atoms which have 
been s tudied  i n  t h i s  program upon t h e  flow stress of magnesium s i n g l e  
c r y s t a l s  has  been c a r r i e d  out.  It appears t he  s o l u t e s  per  se do not 
c o n t r o l  t he  low-temperature flow stress but  t h e i r  p r i n c i p a l  e f f e c t  
i s  t o  al ter the  f o r e s t  d i s l o c a t i o n  d e n s i t y .  This  accounts f o r  t h e  
inc rease  i n  the  i n t e r n a l  s t r e s s  and t h e  s t r o n g e r  temperature dependence 
of t h e  flow stress f o r  t he  more impure c r y s t a l s .  
P re sen t  plans a r e  t o  w r i t e  up t he  r e s u l t s  of t h i s  s tudy  f o r  publ ica-  
t i o n  nowthat-  a reasonable  model t o  exp la in  the  r e s u l t s  has been 
eva lua ted .  P a r t  of t h e  r e s u l t s  of t h i s  s tudy  w i l l  be presented i n  
an i n v i t e d  paper a t  t he  ASll Symposium on P rec i s ion  Mechanical Proper ty  
Measurements June 26-July 1, 1966 i n  A t l a n t i c  C i t y ,  New J e r s e y .  
. 
B. Microcreep i n  BCC l l e t a l s  
G r  . J . M. Reber t s ,  --rUL n o n = ~ f - m ~ r . f  of h!ochanical nnrl Aernspace Engineering 
and Mater ia l s  Science 
Objec t ives :  
To ga in  a b e t t e r  understanding.of t he  s t r o n g  temperature dependence 
of t he  flow stress i n  b .c .c .  me ta l s ;  t o  c o r r e l a t e  the  microcreep and 
m i c r o s t r a i n  c h a r a c t e r i s t i c s  w i t h  t h e  flow stress c h a r a c t e r i s t i c s  i n  
b.c.c.  metals. 
Report : 
A tantalum s i n g l e  c r y s t a l  has been grown. Spec ia l  o r i e n t a t i o n s  a r e  
being s e l e c t e d .  I n  t h e  l i g h t  of r ecen t  t h e o r e t i c a l  work done. on t h e  
c r o s s - s l i p  of screw d i s l o c a t i o n s  i n  b .c .c .  metals  by B .  Esca ig ,  a t  
t h e  Univers i ty  of P a r i s ,  Orsay, France,  i t  i s  ev ident  the  mic ros t r a in  
and microcreep c h a r a c t e r i s t i c s  of b .c .c .  metals  should be s tudied  
a f t e r  p r e s t r a i n s  between t o  a t  temperatures below 2OOoK 
and above. Also i t  is des i red  t o  s e e  i f  t h e  microcreep cha rac t e r -  
i s t i c s  of p re s t r a ined  Ta and Nb a r e  d i f f e r e n t  from those of Mo s i n c e  
t h e  ex ten t  of s t a g e  I i n  the former a t  l o w  temperature appears t o  be 
g r e a t e r  than f o r  comparable p u r i t y  Mo. 
Ul t rasonic  At tenuat ion  of LiF C r y s t a l s  Between 2OK and 300°K 
D r  . J.  M. Roberts ,  Department of Mechanical and Aerospace Engineer ing 
and Mate r i a l s  Science 
C. 
Objec t ives :  
To s tudy i n  d e t a i l  t he  overdamped d i s l o c a t i o n  resonance peak i n  LiF 
c r y s t a l s  between 77OK and 300°K, and t o  i n v e s t i g a t e  e l e c t r o n  damping 
of d i s l o c a t i o n s  i n  pres t ra ined  Nb and Ta i n  the  normal and super-  
conducting s t a t e s .  
Report : 
Anelas t i c  s t u d i e s  i n  the  megacycle frequency range a r e  being c a r r i e d  
ou t  t o  d i f f e r e n t i a t e  between t h e  kink cha in  and s t r i n g  models €or 
t h e  dynamic d e s c r i p t i o n  of o s c i l l a t i n g  d i s l o c a t i o n .  
The d i s l o c a t i o n  resonant  peak i n  deformed LiF a t  room temperature 
has been observed and i ts  pos i t i on  agrees  favorably  w i t h  published 
r e s u l t s .  At tenuat ion  is  being measured t o  2 2% and dynamic modulus 
t o  1% wi th  and without  s t a t i c  s t ress  b i a s .  No modulus o r  a t t enua -  
t i o n  change has been observed wi th  resa lved  shear  stress b i a s  tes ts  
up t o  0.8 of the  y i e l d  s t r e s s .  These p r e l i n i n a r y  r e s u l t s  favor  the  
s t r i n g  model of d i s l o c a t i o n .  
13. 
At tenuat ion  and modulus measurements can be made i n  the  frequency 
range 5 ro  130 ibic a r  ch i s  rime. It i s  planned t o  extend t h e  e x i s t i n g  
f a c i l i t y  t o  cover the  range 150 t o  300 &IC. Simple c i r c u i t s  w i l l  
a l s o  be b u i l t  t o  allow the  modulus t o  be measured t o  + 0.02% accuracy 
using the  pulse-superpos i t ion  technique developed by ZcSkimin. 
stress b i a s  experiments will be chwked with higher  accuracy measure- 
ments, and at tempts  t o  ca r ry  out  accu ra t e  experiments a t  40K w i l l  
be made. Improved bonding techniques and s h o r t e r  samples should 
y i e l d  more accu ra t e  a t t enua t ion  d a t a .  
The 
-1 
E. - ~ i s ~ e c a t i o n  ~ a q i z y ,  ~ e c h z s i s m s  i n  ths Decrement ~ e g i o n  t o  19 
a t  Low Frequencies ( - 10-1 cps)  
Dr. 3 .  M. Roberts ,  Department of Mechanical and Aerospace Engineering - - 
and Mate r i a l s  Science 
Obi ec t ives  : 
To i n v e s t i g a t e  i n  d e t a i l  the  e f f e c t  o f  d i s l o c a t i o n - d i s l o c a t i o n  
i n t e r a c t i o n s  upon t h e  l o w  frequency i n t e r n a l  f r i c t i o n ,  t o  extend 
these  concepts t o  exp la in  t h e  e f f e c t  of b i a s  stress upon damping 
loops observed a t  low frequencies  i n  Cu, Mg and Zn f o r  example, and 
t o  eva lua te  c r i t i c a l l y  the  t r u e  meaning of t h e  f r i c t i o n a l  stress 
der ived  from l o w  frequency damping s t u d i e s .  
Report 
The amplitude-dependent i n t e r n a l  f r i c t i o n  a t  low f requencies  determined 
i n  t h i s  l abora to ry  has been thoroughly analyzed i n  the  l i g h t  of 
d i s  loca  t ion-d i s l o c  a t  i on  i n t e r a c t  ions a t  r epuls  ive junc t ions as  d i s  - 
cussed by Alefeld ( c i t e d  i n  S t a t u s  Report #13). The d a t a  can  be 
explained i n  a q u a n t i t a t i v e  manner by the  supe rpos i t i on  of f i v e  
r e l a x a t i o n  mechanisms, t h e  a c t i v a t i o n  energ ies  and volumes of which 
a r e  approximately: 
-19 3 
-19 3 
Hz0.50 ev. VZ 1 x 10 c m  
K= 0.55 ev. VZ 1 x 10 c m  
l k O . 6 0  ev. V= 1 x 1 0 - l ~  c m  
33 H = 0.67 ev. v = 7 x IO-*' c m  
v = 1 x c m  h= 0.77 ev.  3 
These va lues  exp la in  the  broad r e l a x a t i o n  peak a t  240°K a t  l o w  stress,  
and a smal le r  peak a t  270°K which does not  s h i f t  wi th  s t r e s s  amplitude.  
These va lues  a l s o  exp la in  c o r r e c t l y  t h e  stress dependence of t h e  peak 
temperature as  we l l  a s  t h e  s h i f t  wi th  frequency of the l a t t e r .  The 
microscopic work-hardening c o e f f i c i e n t  a c t i n g  upon d i s l o c a t i o n  has 
been evaluated and i s  reasonably r e l a t e d  t o  the  experimental ly  observed 
damping loop and a l s o  is  compatible w i t h  a 10% modulus d e f e c t  a t  zero 
stress. 
14. 
The mechanism of t h e  h y s t e r e t i c  breakdown of a t t r a c t i v e  d i s l o c a t i o n  
junc t ions  has been considered i n  d e t a i l .  Most of t he  junc t ions  break 
down by t h e  t r i p l e  nodes moving toge ther  wi th  t h e  subsequent formation 
of two jogs ,  and no po in t  defec ts  a r e  expected t o  be formed. Alloca-  
t i o n  of t h i s  model t o  amplitude-dependent h y s t e r e s i s  has been c a r r i e d  
o u t .  
obtained i n  t h i s  labora tory  upon copper s i n g l e  c r y s t a l s .  
This  theory explali ls  q u a n t i t a t i v e l y  most of t he  r e s u l t s  
E .  The Temperature Dependence of t h e  Flow Stress-Work-Hardening Coef f i c i en t  
and Ac t iva t ion  Volume i n  Cadmium S i n g l e  C r y s t a l s  
Dr. J . M. Roberts ,  Department of Mechanical and Aerospace Engineer ing 
and Mate r i a l s  Sc ience  
Objec t ives :  
To ob ta in  a b e t t e r  understanding of t h e  work-hardening c h a r a c t e r i s t i c s  
of easy g l i d e  i n  hexagonal close-packed meta ls .  
Report : 
The work-hardening c o e f f i c i e n t  of z inc  s i n g l e  c r y s t a l s  deformed i n  
shear  t o  s t r a i n  of about 0.60 i s  being measured between 77 K and 300 K. 
I f  a maximum i n  t h e  work hardening c o e f f i c i e n t  a t  270°K i s  found f o r  
z i n c  i n  shear  (as is indicated by the  tensi le  tests of Tr8uble and 
Seeger) , then  i n d i r e c t  confirmation of the  maximum found f o r  cadmium 
i n  t h i s  l abora to ry  w i l l  r e s u l t .  Reproducib i l i ty  of  t he  work-hardening 
c o e f f i c i e n t  by s t r a i n i n g ,  reverse  s t r a i n i n g  and anneal ing of z inc  
c r y s t a l s  i n  shear  is now being e s t a b l i s h e d .  Once t h i s  i s  done, t h e  
temperature dependence of the work-hardening c o e f f i c i e n t  can  be 
measured. 
0 0 
F. E l e c t r i c a l  R e s i s t i v i t y  of  Deformed Molybdenum S ing le  C r y s t a l s  
D r .  F. R.  Brotzen, Department of Mechanical and Aerospace Engineering 
and Mate r i a l s  Sc ience 
Objec t ives :  
To s tudy t h e  d i s l o c a t i o n  mul t ip l i ca t ion  i n  molybdenum s i n g l e  c r y s t a l s .  
Report : 
Severa l  molybdenum c r y s t a l s  were deformed a t  room temperature  t o  a 
t o t a l  t e n s i l e  strai3 of approximately lo%, and t h e  deformation was 
continued subsequent ly  a t  a lower temperature.  The e lec t r ica l  
r e s i s t i v i t y  a t  4.2 K was measured f o r  t h i s  deformation procedure.  
It was noted t h a t  t he  s lope  of t h e  r e s i s t i v i t y  a s  a func t ion  of 
s t r a i n  was lower a t  the  higher deformation temperature.  Subsequent 




approached t h e  r e l a t i v e l y  s t eep  s lope  c h a r a c t e r i s t i c  of t h a t  low 
temperature.  This  was in t e rp re t ed  a s  a gradual  rearrangement of t he  
d e f e c t  s t r u c t u r e  t o  t h e  point  of reaching a d i s l o c a t i o n  d i s t r i b u t i o n  
c h a r a c t e r i s t i c  of t he  deformation temperature.  
G. Mechilnical P rope r t i e s  of Molybdenua S ing le  C r y s t a l s  
D r .  F. R. Brotzen, Department of Mechanical and Aerospace Engineering 
and Mate r i a l s  Science 
Obi ec t ives  : 
To eva lua te  t h e  e f f e c t  of small amounts of impur i t i e s  on t h e  mechan- 
i c a l  p r o p e r t i e s  of molybdenum s i n g l e  c r y s t a l s .  
Report : 
The e f f e c t s  of va r ious  parameters i n  the  electron-beam zone r e f i n i n g '  
of molybdenum on the  p u r i t y  of t he  s i n g l e  c r y s t a l s  have been eva lua ted .  
The p u r i t y  of the  s i n g l e  c r y s t a l s  has been found t o  inc rease  wi th :  
Increased p u r i t y  of the s t a r t i n g  m a t e r i a l ;  
Increased vacuum during the growing process  ; 
Increased number of zone passes .  
Low va lue  long i tud ina l  e l e c t r i c a l  f i e l d s  were found t o  have no 
d e t e c t a b l e  e f f e c t  on the  p u r i t y  of t he  s i n g l e  c r y s t a l s .  Because of 
t h e  very high p u r i t y  of a l l  of the  s i n g l e  c r y s t a l s ,  t h e  e l e c t r i c a l  
r e s i s t i v i t y  a t  4.2 K w a s  taken as an i n d i c a t i o n  of t h e  p u r i t y  of 
t he  c r y s t a l s .  S ingle  c r y s t a l s  wi th  R 2 7 3 / 4 . 2  between 700 and 7300 
were grown and t e s t e d  i n  d i r e c t  shear  over t h e  temperature range of 
78OK-40O0K. The e f f e c t s  of  impur i t ies  were found t o  be temperature 
dependent.  Below 300°K the  impur i t ies  con t r ibu ted  t o  the  formation 
of obs t ac l e s  which could be overcome by t h e  thermal a c t i v a t i o n  of 
t he  d i s l o c a t i o n s .  Above 300°K increased p u r i t y  o r  decreased s t r a i n  
r a t e  permit ted the  d e t e c t i o n  of f e a t u r e s  i n  t h e  s t r e s s - s t r a i n  curves  
which a r e  c h a r a c t e r i s t i c  of the th ree - s t age  s t r e s s - s t r a i n  curves 
o f t e n o b t a i n e d  f o r  t he  f . c . c .  meta ls .  Deta i led  r e s u l t s  a r e  included 
i n  a Ph.D. t h e s i s .  
0 
H. Di;ect Observat ion of Dis loca t ions  i n  Molybdenum 
D r .  F. R. Brotzen, Department of Mechanical and Aerospace Engineering 
and Mate r i a l s  Science 
Objec t ives :  
To observe d i r e c t l y  t h e  v a r i a t i o n  of d i s l o c a t i o n  d e n s i t y  w i t h  s t r a i n  
i n  the  reg ion  5% t o  40% shear s t r a i n  a t  300°K,  195'K and 78OK. 
Report : 
Sing le  c r y s t a l s  of  molybdenum were s t r a i n e d  i n  d i r e c t  shear  on (110) 
planes along t h e  [111] d i r e c t i o n .  
imately 5 ,  10, 20, and 40 per c e n t  shear  s t r a i n  a t  195 K, 300°K, 
and 373OK,  and 2 t o  6 per cent  shear  s t r a i n  a t  78OK. 
- 
Crys ta l s  were sheared t o  approx- 
0 
- 
Specimens taken from t h e  (110) shear  plane were examined i n  t r a n s -  
mission e l e c t r o n  microscopy. The d i s l o c a t i o n  s t r u c t u r e  was examined 
a t  each s t r a i n  and t e m p e r a t u r e  increment,  and measurements of the  
d i s l o c a t i o n  d e n s i t y  and the  d e n s i t y  of jogs on primary screw d i s -  
l oca t ions  were made. The r e s u l t s  ind ica ted  t h a t :  
1 .  The d i s l o c a t i o n  d e n s i t y  o f  molybdenum s i n g l e  c r y s t a l s  
deformed i n  shear  increases  wi th  s t r a i n  a t  a l l  temperatures 
inves t iga t ed  except 300OK. 
2 .  This  i nc rease  i n  p w a s  l i n e a r ,  and as the  deformation 
temperature i s  lowered , t h e  r a t e  of i nc rease  i s  acce le ra t ed .  
3.  The d e n s i t y  of jogs  on primary screw d i s l o c a t i o n s  v a r i e s  
w i t h  s t r a i n  and temperature much as does the  d i s l o c a t i o n  
d e n s i t y .  
4 .  Conservat ive motion of jogs on screw d i s l o c a t i o n s  becomes 
apprec iab le  above 300°K. 
5. The ease  and s c a l e  of c r o s s - s l i p  of screw d i s l o c a t i o n s  
inc reases  wi th  increas ing  temperature.  
6 .  The moun t  o f  secondary s l i p  i n  c r y s t a l s  o r i en ted  f o r  
d i r e c t  shear  on ( l i 0 )  planes inc reases  as  deformation 
temperature decreases .  
7. A t  1950K and 3o0°K, t h e  p ropor t ion  of edge d i s l o c a t i o n  
l eng th  t o  screw d i s l o c a t i o n  l eng th  increases  as s t r a i n  and 
t ang l ing  inc rease .  
I. Short-Range-Order and E l e c t r i c a l  R e s i s t i v i t y  i n  FCC Alloys 
D r .  M. L .  Rudee, Department of Mechanical and Aeronaut ical  Engineering 
and Materials Science 
Objec t ives :  
To re la te  the  e l e c t r i c a l  r e s i s t i v i t y  of a b ina ry  a l l o y  t o  t h e  s t a t e  




The e f f e c t  of short-range-order (SRO) on t h e  e l e c t r i c a l  r e s i s t i v i t y  
i n  a l l o y s  t h a t  have u n f i l l e d  d-bands has been t r e a t e d  t h e o r e t i c a l l y .  
To provide experimental  da t a  t o  tes t  these  c a l c u l a t i o n s ,  t h e  re- 
s i s t i v i t y ,  and the  degree of SRO, w i l l  be ineasured i n  Pd-Av nono- 
c r y s t a l s .  
quenching t rea tments  and the Cowley SRO parameters w i l l  be measured 
by ana lyz ing  t h e  d i f f u s e  s c a t t e r i n g  of x- rays .  The e l e c t r i c a l  re- 
s i s t i v i t y  of the  sample w i l l  be  measured, over t h e  range of 4.2 t o  
303°K. 
D i f f e r e n t  degrees o f  SRO w i l l  be produced by va r ious  
This  t op ic  i s  important t o  the understanding of m a t e r i a l s  because 
nea r ly  a l l  a l l o y s  are non-random t o  some ex ten t .  The e f f e c t  of 
t h e  dev ia t ion  from randomness by SRO on e l e c t r o n  t r a n s p o r t  has been 
t r e a t e d  t h e o r e t i c a l l y  only s u p e r f i c i a l l y  and no thorough experiments 
have been r epor t ed .  
A doubly bent  c r y s t a l  monochrometer and a s i n g l e  c r y s t a l  o r i e n t e r  
have been i n s t a l l e d  on t h e  x-ray d i f f r ac tomete r ,  and t h e  alignment 
has  been completed. 
temperatures has been constructed t o  c o r r e c t  f o r  t he  temperature 
d i f f u s e  s c a t t e r i n g .  A l s o ,  t o  improve the  accuracy of t he  x-ray 
measurements, a d e t e c t o r  has been i n s t a l l e d  t o  monitor t he  x - r ay  
source  and a n  a d d i t i o n a l  s c a l e r  has been incorporated as  a %lave" 
t o  t h e  r egu la r  count ing  equipment. 
of t h e  d a t a  has  been w r i t t e n  and "debugged". 
A device t o  maintain t h e  x-ray sanp le  a t  cryogenic 
A computer program f o r  t he  a n a l y s i s  
A por t ion  of t he  r e p o r t i n g  period has been devoted t o  prepar ing  a 
s u i t a b l e  c r y s t a l  f o r  examination. A Pd-Au s i n g l e  c r y s t a l  was pur- 
chased and a s u r f a c e  has been c u t  w i th in  1 / 2 O  of a { loo]  p lane ,  and 
a smooth, s t r a i n  f r e e  sur face  prepared.  
There has been a controversy concerning t h e  t h e o r e t i c a l  b a s i s  of 
d i f f u s e  s c a t t e r i n g  of x-rays.  Hence, dur ing  t h i s  r e p o r t i n g  per iod,  
a sys temat ic  development of t h i s  theory has been accomplished and 
has been accepted f o r  publ ica t ion .  
Experience from t h i s  p ro jec t  has  shown t h a t  t he  e x i s t i n g  x-ray 
d i f f r a c t i o n  l abora to ry ,  equipped by Univers i ty  funds and i n d u s t r i a l  
g r a n t s ,  could not support  both a long t e r m  r e sea rch  p r o j e c t  and 
teachins .  Hence, some funds were used from t h i s  g r a n t ,  a long wi th  
Un ive r s i ty  funds and some i n d u s t r i a l  g ran t s ,  t o  expand t h e  f a c i l i t i e s  
t o  inc lude  an a d d i t i o n a l  d i f f r ac tomete r  and a s soc ia t ed  count ing equip 
ment . 
18. 
J .  E lec t ron  Microscope F a c i l i t y  and Thin Film Research 
D r .  iri. L. Rudee, Department of Xec'nanicai and Aerospace Engineering 
and Mate r i a l s  Science 
Objec t ives :  
To provide a w e l l  equipped e l e c t r o n  microscope l abora to ry  f o r  t he  
use  of va r ious  research  p r o j e c t s  and teaching  a t  Rice Univers i ty .  
Report : 
The electron-microscope f a c i l i t y  i n  the  m a t e r i a l s  group a t  Rice 
inc ludes  a P h i l i p s  EM-200 e l ec t ron  microscope, va r ious  accesso r i e s  
f o r  t he  examination o f  c r y s t a l l i n e  m a t e r i a l s ,  a well-equipped s p e c i -  
men p r e p a r a t i o n .  f a c i l i t y ,  and a dark  room. 
During t h i s  r e p o r t i n g  period equipment was added t o  support  t h e  
increased volume of dark  room work. 
depos i t i on  equipment has been improved by adding a feed-through c o l l a r .  
I n  a d d i t i o n ,  t h e  e x i s t i n g  vapor 
There were four  main research programs u t i l i z i n g  the  e l e c t r o n  
microscope : 
1 .  The examination of d i s l o c a t i o n  d e n s i t y  and arrangement i n  
deformed molybdenum s i n g l e  c r y s t a l s ;  
2 .  The observa t ion  of r a d i a t i o n  damage i n  s i l i c o n  (an NSF 
p r o j e c t )  ; 
3.  The eva lua t ion  of  the s t r u c t u r e  of magnetic t h i n  f i lms  
( t h i s  t op ic  i s  discussed i n  g r e a t e r  d e t a i l  below); 
4 .  Analys is ,  by means of  s e l ec t ed  a r e a  d i f f r a c t i o n ,  of t he  
p e r i o d i c i t y  i n  calogen found i n  c e r t a i n  kidney t i s s u e  ( i n  
cooperat ion wi th  D r .  John Sharp of Baylor Col lege of Medicine). 
I n  add i t ion ,  four  graduate  s tudents  rece ived  enough l abora to ry  ex- 
per ience  us ing  t h e  e l ec t ronmic roscope  t o  be a b l e  t o  u t i l i z e  t h i s  
technique independently on  t h e i r  own re sea rch .  
A p r o j e c t  i n v e s t i g a t i n g  t h e  s t ruc tu re -p rope r ty  r e l a t i o n s h i p s  i n  
permalloy t h i n  f i lms  has been i n i t i a t e d .  This  w i l l  be accomplished 
i n  c l o s e  cooperat ion w i t h  8 group i n  the  E l e c t r i c a l  Engineer ing 
Department. It is envisaged t h a t  a c a r e f u l  r e sea rch  of t h i s  n a t u r e  
w i l l  increase  the  understanding of t he  behavior of t hese  devices .  
Films w i l l  be produced under va r ious  wel l -def ined condi t ions  and 
t h e i r  magnetic p rope r t i e s  (an is t ropy  cons t an t  and an i s t ropy  d i spe r s ion )  
measured. The s t r u c t u r e  of t h e  f i lms  w i l l  then be cha rac t e r i zed  by 





P a r t i c l e  s i z e  and s t r a i n  by Warren-Averbach x-ray peak 
shape ana lyses ;  
Grain s i z e  by norm21 e l e c t r o n  microscopy; 
Magnet izat ion r i p p l e  by Lorentz microscopy. 
During t h i s  r e p o r t i n g  period techniques f o r  a l l  t he  above l i s t ed  
procedures have been developed. The computer program f o r  t he  x-ray 
a n a l y s i s  has  been writ ten.  Accumulation of data should progress  
i n  t h e  next  r e p o r t i n g  period . 
Addi t iona l  l abora to ry  space w i l l  be acquired t h a t  w i l l  expand t h e  
specimen p repa ra t ion  area and al low an improvement i n  t h e s e  
f a c i l i t i e s .  Data accumulation on t h e  t h i n  magnetic f i lms  w i l l  commence. 
K. An I i i ves t iga t ion  of t h e  Energies and Ent ropies  of S o l u t e  Atoms i n  
D i l u t e  So l id  So lu t ion  
D r .  R. B .  McLellan, Department of Mechanical and Aerospace Engineerirg 
and Mate r i a l s  Science i 
Ob j ec t ives  : 
To e s t a b l i s h  experimental  values f o r  t h e  p a r t i a l  energ ies  and e n t r o p i e s  
i n  s o l u t i o n s  d i l u t e  enough so t h a t  s o l u t e - s o l u t e  i n t e r a c t i o n s  can 
be neglected o r  t r e a t e d  t h e o r e t i c a l l y .  
I 
Report : 
The p a r t i a l  energ ies  and en t ropies  f o r  d i l u t e  s u b s t i t u t i o n a l  a l l o y s  
w i l l  be measured by a Knudsen c e l l  method. The apparatus  i s  now 
p a r t i a l l y  cons t ruc ted  - t he  furnace  i s  complete and work i s  now 
proceed ing  on t h e  vacuum sys  t e m .  
A p r o j e c t  is a l s o  underway to  extend the  i n v e s t i g a t o r ' s  previous 
c a l c u l a t i o n s  on d i l u t e  i n t e r s t i t u a l  s o l u t i o n s  t o  more concent ra ted  
s o l u t i o n s  by in t roducing  a r epu l s ion  i n t e r a c t i o n  between s o l u t e s  
which i s  a func t ion  of  concent ra t ion .  The computation of t h e  
degeneracy and thus  t h e  entropy of t h e  s o l u t i o n  c r y s t a l  has  been made 
us ing  success ive  ensemble averaging techniques.  A c losed  express ion  
f o r  t h e  free energy has  been found and t h e  r e s u l t s  will be appl ied  
t o  t h e  C - gamma i r o n  system. 
. 20.  
111. Chemistry of Sol ids  
A. Hard Sphere Soi ids  and Anharmonic Forces i n  Real Crys t a l s  
D r .  Z. W. Salsburg,  Department of Chemistry 
. Object ives:  
With t h e  advent of new experimental  r e s u l t s  on t h e  high temperature,  
h igh  p res su re  p r o p e r t i e s  of s o l i d s ,  t h e r e  has  i n  t h e  l a s t  few yea r s  
been a renewed i n t e r e s t  i n  t he  theory of anharmonic p r o p e r t i e s  of 
s o l i d s .  The usua l  method of t r e a t i n g  anharmonic e f f e c t s  by per turba-  
cond i t ions  where anharmonic f o r c e s  play a dominant r o l e  i n  t h e  
thermodynamic and e las t ic  proper t ies .  The approach taken t o  t h i s  
problem i s  t o  cons ider  t h e  p rope r t i e s  of a hard sphere s o l i d  as a 
l ead ing  approximation and then in t roduce  t h e  e f f e c t s  of a t t r a c t i v e  
fo rces  and s o f t e r  repuls ions by pe r tu rba t ion  theory.  
L 2 -  &I-..-_-- 
LLUI~ ~ i i r u i y  is not valid iiiider iiei-y high temperature aiid pieastire 
Report: 
1. Free  Energy of  Vacancy Formation i n  Sol ids  
A theory was developed f o r  c a l c u l a t i n g  t h e  equi l ibr ium concentra-  
t r a t i o n  of monovacancies and d ivacancies  i n  a h igh ly  anharmonic s o l i d  
and app l i ed  t o  a model of r i g i d  d i s k s  and r i g i d  spheres .  This  theory 
p r e d i c t s  a concen t r a t ion  of .0008 f o r  monovacancies and .OOO 0008 f o r  
divancancies  ( i n  vacancies  p e r  l a t t i c e  s i t e )  f o r  r i g i d  d i s k s  a t  a 
dens i ty  .8 of t h e  close-packed dens i ty .  The corresponding concentra- 
t i o n  of monovacancies i n  a r i g i d  sphere system a t  . 8  of the  c l o s e  
packed d e n s i t y  i s  predic ted  t o  be .OOO 016 (Note: computer ca l cu la -  
t i o n s  i n d i c a t e  t h a t  a r i g i d  d i s k  s o l i d  mel t s  a t  a d e n s i t y  equal  t o  . 8  
of t h e  c l o s e  packed dens i ty . )  
2. A Modified C e l l  C lus te r  Theory 
A modified c e l l  c l u s t e r  theory  f o r  c a l c u l a t i n g  t h e  s p e c i f i c  f r e e  
energy of  a s o l i d  was appl ied t o  a harmonic model of a p e r f e c t  mona- 
tomic c r y s t a l  corresponding t o  t h e  two dimensional t r i a n g u l a r  l a t t i c e  
with n e a r e s t  neighbor i n t e r a c t i o n s  only.  This technique s ta r t s  with 
t h e  s i n g l e  p a r t i c l e  (Eins te in)  theory and then  eva lua te s  c o r r e c t i o n s  
from c o r r e l a t e d  motion o f  l a rge r  and l a r g e r  sets o f  contiguous 
p a r t i c l e s .  I n  t h e  high temperature l i m i t  t h e  gene ra l  harmonic theory 
l eads  t o  an express ion  f o r  t h e  Helmholtz f r e e  energy, FN, i n  t h e  form, 
N F /NkT = - 2  I n  T+ + D N 
with T* = kT/hv . For the E i n s t e i n  model D = 1.0986. -*whi le  t he  
modified c e l l  cyus t e r  technique c a r r i e d  through s i x t h  order  g ives  
DN = 0.8565.-* . 
N 
The technique i s  a l s o  appl ied  t o  a one dimensional 
21. 
harmonic nodel .  From these and e a r l i e r  s t u d i e s  w e  were l e d  t o  the  
conclusion t h a t  a c e l l  c l u s t e r  theory i s  an appropr i a t e  method f o r  
t r e a t i n g  anharmonic fo rces  i n  a s o l i d  p a r t i c u l a r l y  a t  high tempera- 
t u r e s  and pressures .  
3.  Rela t ive  S t a b i l i t y  o f  Face Centered Cubic and Hexagonal Close 
Packed S t ruc tu res  
The entropy e f f e c t  due t o  anharmonic fo rces  f o r  t h e  f a c e  centered  
cubic  s t r u c t u r e  and t h e  hexagonal c l o s e  packed s t r u c t u r e  was i n v e s t i -  
gated.  There appears to  be a s t a b i l i z a t i o n  of t he  hexagonal s t r u c t u r e  
by anharmonic forces  and t h i s  i n d i c a t e s  poss ib l e  h igh  temperature  
t r a n s i t i o n s  i n  t h e  noble  gas s o l i d s .  Such t r a n s i t i o n s  have no t  been 
observed o r  i nves t iga t ed  experimentally.  
4 .  Radial  D i s t r i b u t i o n  Function i n  High Density Rigid Sphere Systems 
A technique,  modeled a f te r  t h e  c e l l - c l u s t e r  theory f o r  t h e  p a r t ' i t i o n  
func t ion ,  w a s  developed f o r  e s t ima t ing  t h e  molecular p a i r  d i s t r i b u t i o n  
func t ion .  This technique while genera l  i s  thought t o  be p a r t i c u l a r l y  
app l i cab le  t o  h igh  d e n s i t y  c r y s t a l l i n e  systems. A t t en t ion  i s  focused 
on hl(<), t h e  average number of p a i r s  t h a t  have a d i s t a n c e  between 
c e n t e r s  less than  o r  equal  t o  5 .  I n  t h e  h igh  d e n s i t y  c r y s t a l l i n e  
l i m i t  n(c), f o r  a system of N p-dimensional r i g i d  spheres ,  has  t h e  
fol lowing expans ion  
2 2 2 n / N  = 2pT + bq + cq + * - -  
where a i s  the  d i s t a n c e  between l a t t i c e  s i tes  and o i s  t h e  diameter  
of  a sphere.  The exact  development f o r  a one-dimensional system i s  
given whereby t h e  technique can be demonstrated t o  be convergent. 
two-dimensional r i g i d  d i sks  a l l  con t r ibu t ions  from four  p a r t i c l e  o r  
fewer c e l l - c l u s t e r s  t o  t h e  cons tan t  b were ca l cu la t ed .  The r e s u l t i n g  
series through f o u r t h  order  i s  
For 
19 2 
217 b =z 2 - -- 1.6069 + 0.2599 + * * *  . 
5. The E l a s t i c  Constants f o r  High Density Anharmonic Sol ids  
Corresponding t o  the  theo r i e s  descr ibed  above an  analogous theory  
f o r  t h e  e l a s t i c  cons t an t s  of a hard sphere s o l i d  has  been developed. 
This  w i l l  h e l p  c l a r i f y  t h e  dev ia t ions  from the  Cauchy r e l a t i o n s  ob- 
served experimental ly  a t  high temperatures and pressures .  
c a l c u l a t i o n  w e  have evaluated t h e  s i n g l e  shear  modulus f o r  a two dimen- 
s i o n a l  hexagonal system of r i g i d  d i sks .  We a r e  c u r r e n t l y  computing t h e  
t h r e e  e l a s t i c  cons tan ts  for  a f a c e  centered  cubic  system of r i g i d  
spheres  and the  s i x  e l a s t i c  cons t an t s  f o r  a hexagonal system of r i g i d  
spheres .  
A s  a sample 
6. S t a t i s t i c a l  Nechanical Proper t ies  of Small Systems i n  the  
Isethern~L- Isobar ic EnsPmhle 
The exac t  N dependence was found f o r  t h e  f i r s t  N - 1  v i r i a l  
c o e f f i c i e n t s  ca l cu la t ed  fo r  a system with a f i n i t e  number, N ,  of  
p a r t i c l e s  i n  t h e  isobaric- isothermal  ensemble. When t h e  s p e c i f i c  
volume v = V/(N+l) i s  expanded a s  a power series i n  z = p/kT, it i s  
shown t h a t  t h e  f i r s t  N - 1  c o e f f i c i e n t s  a r e  l i n e a r  func t ions  of (N+l)-l.  
The e x p l i c i t  r e s u l t s  a r e  given f o r  t h e  f i r s t  s i x  c o e f f i c i e n t s .  
7 .  Voids i n  a Crys t a l  S t ruc ture  of I d e n t i c a l  Spheres 
A technique (pr imar i ly  fo r  pedigogical  purposes) has  been developed 
f o r  determining the  size and l o c a t i o n  of a l l  i n t e r s t i t i a l  spheres  i n  a 
r egu la r  c r y s t a l l i n e  s t ruc tu re .  This provides a convenient a lgeb ra i c  
method by which one can obta in  these  r e s u l t s  without any recourse  t o  
p i c t u r e s  o r  geometr ical  considerat ions.  
8. Rigid Disks and Spheres a t  High Dens i t ies :  Bounds on the  
P a r t i t i o n  Funct ion 
Upper and lower bounds on t h e  p a r t i t i o n  func t ions  f o r  f i n i t e  systems 
o f  N r i g i d  d i s k s  and N r i g i d  spheres  a r e  obtained f o r  t he  high 
dens i ty  l i m i t .  
l i m i t  of N -, m and a t  a l l  d e n s i t i e s .  Consider t h e  fol lowing asymp- 
t o t i c  form f o r  t h e  s p e c i f i c  Helmlloltz free energy f o r  a c l a s s i c a l  
mechanical system of N v-dimensional (u=2 o r  3 )  hard spheres  confined 
i n  a volume V i n  the  l i m i t  V +  Vo ( t he  close-packed volume), 
The lower bounds are a l s o  v a l i d  i n  t h e  thermodynamic 
.I 
+ C V ( N  A "0 A /Nk T + v I n  - - v l n ( 1  - - N B  0 .  V 
where A i s  the  de Brogl ie  wavelength and 0 t h e  sphere diameter.  
The lower bounds obtained fo r  C (N) a r e  C2(N) >-0.7576-.* and 
C3(N) >0.05074*-* . Two upper gounds found f o r  C2 a r e  C2 <1.289-** . 
An upper bound f o r  
Future  Plans Include: A cont inua t ion  of t h e  c a l c u l a t i o n s  of t h e  f r e e  
energy func t ion  f o r  hard sphere s o l i d s  a t  high d e n s i t i e s ,  t he  e l a s t i c  
cons t an t s  of such s o l i d s  and t h e  r a d i a l  d i s t r i b u t i o n  funct ion.  This 
work uses t h e  c e l l  c l u s t e r  method. It i s  a l so  planned t o  i n v e s t i g a t e  
t h e  tunnel  model and i t s  extension and re -eva lua te  t h e  f r e e  energy 
func t ion  and r a d i a l  d i s t r i b u t i o n  func t ion  predic ted  by t h i s  model. 
i s  3 . 6 4 2 3 - - -  . c3 
B. Oxidat ion of Nickel a t  Elevated Temperatures 
D r .  W. W. Akers, Department of Chemical Engineering 
Object ives:  
To determine t h e  mechanism of  t h e  ox ida t ion  process and t h e  e f f e c t  of 
. 
.i 
with the  e i r l i e r  p l y - c r y s t a l l i n e  s tud ie s  repor ted  previously.  
s t e p s  i n  the  ox ida t ive  process a re :  
s t a g e  which follows a logri thmic r a t e  mechanism, (3) a q u a r t i c  r eg ion  
and ( 4 )  a parabol ic  region. 
The 
(1) chemisorption, (2) a nuc lea t ion  
There a r e  no major d i f f e r e n c e s  i n  t h e  rate 
23. 
oxida t ion  on the  thermal emittance of t he  surface.  
Report : 
Future  work w i l l  follow two rou te s :  
halogen forming a v o l a t i l e  ox ida t ion  product,  and (2)  ox ida t ion  of  
o the r  metals  with oxygen t o  determine i f  t h e  nuc lea t ion  s t e p  i s  present .  
(1) ox ida t ion  of n i cke l  with a 
I 
C. High Temperature In t e rac t ions  between Gases and Condensed Phases - 
Kinet ic  Studies  (with D r .  C. H. Williams) 
Dr. J. L. Margrave, Department of Chemistry 
~ 
Object ives:  
To u t i l i z e  microbalance and mass spec t romet r ic  techniques f o r  charac- 
t e r i z i n g  gas-so l id  i n t e r a c t i o n s  f o r  a v a r i e t y  of m a t e r i a l s  over wide 
ranges of temperature.  
Report : 
The ion  source and e l e c t r o n i c s  of a Bendix Node1 14 t ime-of - f l igh t  
mass spectrometer have been modified t o  p e r m i t  s tud ie s  of t he  i n t e r -  
a c t i o n  between a molecular beam and a heated metal  sur face .  Several  
a spec t s  of one system a r e  being inves t iga t ed  cu r ren t ly .  A molecular 
beam of BaF2, e f fus ing  from t h e  Knudsen c e l l ,  impinges on t h e  su r face  
of a heated po ly -c rys t a l l i ne  platinum ribbon, where it 
thermally ion izes  t o  the  molecular and atomic ions,  BaF and Ba , 
r e spec t ive ly .  
2 Negative ions  produced i n  the  d i s soc ia t ion - ion iza t ion  of t he  BaF w i l l  be  sought. 
When BaF , with a molecular beam i n t e n s i t y  of 5 X l o l o  molecules sec.  
(correspgnding t o  monolayers set.-'), s t r i  es  t h e  P t  r ibbon 
s u r f a c e  a t  a temperature of 1850"K, BaF and Ba ions desorp from t h e  
s u r f a c e  i n  t h e  r a t i o  12: l .  A semilog p l o t  of  t he  mass analyzed ion  
c u r r e n t  of the  l a r g e s t  i so topes  of BaF+ and EaS' versus  t h e  r e c i p r o c a l  
of  t h e  P t  su r f ace  temperature gives  a s t r a i g h t  l i n e  between 1700- 
1850°K. 
r e spec t ive ly  f o r  BaF and Ba . The s lopes  should g ive  (cp - I), the  
i s s o c i a  5 es and Q 
The work funct ion of t h e  P t  s u r f a c e  has  been measured. 
-1 
+ $ 
The s lopes  Tf these l i n e a r  po r t ions  were -4.5 e.v. and -7.5 e.v. + 
* 
c . 24. 
difference between the work function of the Pt 
ionization poten ial of $he adsorbed species I; however, the slopes 
measured for IjaF 
using the literature values (Pt work func ion = 5.32 e.v. , Ionization 
potential of BaF = 4.9 e.v. 
surface, v,  and the 
$ and Ba were much too iarge to be accou ted for 5: 
2 f and Ba = 5.2 ). 
It appears that other energy terms must be taken into account, e.g., 
the heat of desorption of the ions. 
A s  a supporting experiment the work function of the polycrystalline 
platinum ribbon was measured in place in the mass spectrometer. A s  
observed by XiiLiiey arid others,  the measured work fiiiictloii (and th2 
value of the thermionic constant A) changed as the Pt ribbon was 
heated in the vacuum system. At ne oint $n the aging process the 
values 'p = 6.80 e.v., A = 3 X 10 amp. cm deg were measured. With 
continued heating near the m.p. of Pt these values decrease markedly. 
1 
e p  - -2 
Provisions have been made to search for negative ions formed in the. 
dissociation-ionization process. Future experiments will investigate 
the emission of positive ions, negative ions (if formed) and electrons 
from the Pt surface as a function of temperature and Pt work 
function (i.e. aging) and BaF2 molecular beam intensity. 
The molecular beam experiments with BaF 
on hot filaments will be continued and $he activation energies, etc. 
for the various processes evaluated. 
and with other metal halides 
D. High Temperature Interaction Between Gases and Condensed Phases - 
Sublimation Studies 
Dr. J. L. Margrave, Department of Chemistry 
Objectives: 
To utilize microbalance and mass spectrometric techniques for charac- 
terizing gas-solid interactions €or a variety of materials over wide 
ranges of temperature. 
Report : 
Microbalance and mass-spectrometric techniques have been used to 
establish the identities and stability of vapor species over organic 
solids and several transition metal and rare-earth fluorides. Rare- 
earth and transition-metal chelates with 2,2,6,6-tetramethyl-heptane- 
dione are also being studied. 
L. V. Whitney, Phys. Rev. 50, 1154 (1936). 
9 
L T. C. Ehlert, G. D. Blue, J. W. Green and J. L. Nargrave, J. Chem. Phys. 41, 
2250 (1964). 
Introduction to Mass Spectrometry and Its Applications, Robert W. Kiser, 
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Periodic trends in fluoride bond energies have been determined, and 
the stability o f  the perfluorosilanes determined by mass spectrometer 
appearance potential studies. 
Microbalance and mass spectrometric studies of sublimation kinetics 
and equilibria will be conducted, with special emphasis on selected 
organic mlecules 2nd on refractory ternary oxides (silicates, zircon- 
ates, etc.) 
E. Crystal Structure of Complex Molecules 
Dr. R. L. Sass, Department of Chemistry 
Objectives: 
The object of this work is to determine the geometry of several classes 
of organic molecules and the effects of various functional groups and 
crystal forces on this geometry. 
Report : 
The structures of potassium titranitroethide, potassium trinitromethide, 
and amonium 1,1,2,6,7,7-hexacyanohepta trienide are presently under 
investigation. 
the trial structure of ammonium 1,1,2,6,7,7-hexacyanoheptatrienide has 
been determined. A l l  of these substances are carbanions and constitute 
a continuation of a program spanning the previous two years. 
The X-ray data have been collected on all three and 
The solution of the structure of cis-2-butene episulfone has resulted 
in the observation of an exceptionally long carbon-carbon bond length 
in the episulfone ring. This feature has been tentatively attributed 
to hyperconjugation enhanced by the presence of the sulfone group. To 
test this hypothesis we have initiated a series of structural investi- 
gations on small ring sulfones. 
on two such molecules. A trial structure has been found for the 
compound dibenzylthiophene-5,5 ’ -dioxide. 
- 
At present data are being collected 
F. Radiation Effects on Metallic Films and Surfaces of Solids 
Dr. T. W. Leland, Department of Chemical Engineering 
Objectives: 
To relate catalytic activity on the surface of a powder to the electronic 
energy shifts induced by monochromatic ultra-violet irradiation of the 
surface, to compare changes in electrical conductivity and Seebeck EMF 
induced in compressed powders and in single crystals of the same 
material brought about by exposure to the same radiation, and to compare 
catalytic activity perturbed by similar radiation exposure in single 
crystals and in powders of the same material and study the relationship 
to the electrical measurements. 
2 6 .  
-7. - iiie apparatus to ii~eaSilre react2U1-1 rates 01 20 oxidaiioii  over a ZiiO 
s i n g l e  c r y s t a l  and measure.conduct ivi ty  and Seebeck EPF i n  the  c r y s t a l  
has  been completed and ca l ib ra t ed .  Some redes igning  of  t h e  va lves  
and connect ions has  been ca r r i ed  out  t o  a l low ope ra t ion  while  sub- 
merged i n  t h e  isothermal  bath f l u i d .  
The p e l l e t i z e r  t o  prepare  pe l le t s  of  compressed ZnO powder has  been 
completed. The technique fo r  measuring e lec t r ica l  conduc t iv i ty  and 
Seebeck EMF i n  t h e s e  pe l le t s  has  been developed. 
sorbed ions and t h e  charged s u r f a c e  has  been developed and i s  being 
t e s t e d .  
A technique t o  
mn.3 y.Lueure e.. the t c t a l  d i p o l e  energy ir: t h e  space charge c r e a t e 0  57 che~A- 
C a t a l y t i c  a c t i v a t i o n s  of PlgO powders us ing  monochromatic UV irr d ia -  
t i o n  a r e  being c a r r i e d  out  with a modi f ica t ion  of t h e  Beckman D -U 
spectrophotometer.  An improved r e a c t o r  has  been b u i l t  t o  a l low each 
c a t a l y t i c  s u r f a c e  exposed t o  r ece ive ,  as nea r ly  as poss ib l e ,  t h e  same 
dosage. 
it 
Data are  now being taken. 
Doped samples of MgO with Fe, C r ,  and o t h e r  m e t a l l i c  ions  have been 
prepared and reproducib le  c a t a l y t i c  a c t i v i t i e s  are obta ined  on 
repea ted  p repa ra t ions .  Data t o  compare t h e  doping e f f e c t  on c a t a l y t i c  
a c t i v i t y  are now being taken. 
G. Nature of Gaseous- Solid In t e r f aces  
D r .  T. W. Leland, Department of Chemical Engineering 
Ob iec t ives I 
To s tudy t h e  a p p l i c a t i o n  of two dimensional equat ions of s t a t e  t o  
pure and mixed hydrocarbons on charcoa l  and s i l i ca  g e l .  
Report : 
Experimental adsorp t ion  data  f o r  methane, propane, and n-butane on 
charcoa l  have been obtained from 10°C t o  70°C a t  p res su res  t o  2000 
ps ia .  
a t  30°C at  p res su res  up t o  2000 ps ia .  
Adsorption of xnixtures of  methane and propane have been s tud ied  
The two-dimensional equat ion o f  s t a t e  based on a t h r e e  dimensional 
equat ion  f o r  dense f l u i d s  proposed by Eyring has  been der ived  and shown 
t o  desc r ibe  t h e  adsorp t ion  very accu ra t e ly  i n  t h i s  r eg ion  f o r  pure 
hydrocarbons and t h e i r  mixtures on charcoal .  
H. Adsorption of Gas on Sol ids  
D r .  R. Kobayashi, Department of  Chemical Engineering 
e 




To develop a statistical mechanical theory for adsorption of gas mix- 
tures and to measure adsorption by gas chromatographic or perturbation 
techniques. 
Report : 
The notion of an hypothetical infinite temperature perturbation has 
been introduced in chromatography. The retention volume for such a 
perturbation is obtained by the extrapolation of the He, Ne, Ar 
perturbations to obtain the retention volume of a gas of zero mass 
(infinite temperatures). 
cal gas will not be adsorbed (or even absorbed) it is now possible to 
obtain the free gas volume and hence the adsorbed volumes of both 
permanent and impermanent gases as a function of pressure, temperature, 
and compositions. Using this technique it is now possible to present 
adsorption data on an absolute basis andheme discard the unrealistic 
Gibbs adsorption which presumes that the adsorbed volumes cannot be 
measured. 
Using the assumption that such an hypotheti- 
Adsorption isotherms and adsorbed volumes on silica gel are being 
measured for methane, ethane, and several mixtures of methane and 
ethane using the perturbation technique up to 100 atmospheres or to 
the pressure limits imposed by the phase transition conditions of the 
system. 
I. Study of Gas Hydrates 
Dr. R. Kobayashi, Department of Chemical Engineering 
Objectives: 
To predict hydrate formation conditions and hydrate composition for 
non-spherical molecules, and to prepare an apparatus for the study of 
hydrate compositions. 
Report : 
Experimental equipment for the determination of the hydrate numbers 
as a function of pressure, temperature, and phase compositions has 
been completed. Preliminary experimental runs will be made in the 
near future. The hydrate numbers will be used to test the internal 
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